Sixteen alloys and five pure metals were used and the open circuit potentials (OCP) and the coupled potentials with titanium were measured in five kinds of solutions. All alloys and metals showed the maximum OCP in 1.3% lactic acid solution, and the minimum in 0.01% sodium sulfide solution.
INTRODUCTION
The excellent corrosion resistance of titanium is widely known1-3). With increased dental application of titanium, its electrochemical behavior when co-existing with dissimilar dental alloys has been extensively studied4-9). Some studies measured the area ratio dependence for the couple of carbon7), amalgams8,9) and gallium alloy9) with titanium and its alloy. The coupled potential of some kinds of dental alloys with pure titanium was reported at two meetings10,11) and the area ratio (alloy/titanium) dependence was measured in Ringer's solution in Part 112). A relation between the area ratio and the coupled potential was very clearly shown.
In the present study, four kinds of solutions, 0.9% potassium fluoride, 1% nitric acid, 1.3% lactic acid and 0.01% sodium sulfide, were used in the coupled potential measurement.
The characteristic features of each solution were described previously8,12-32). Among the various electrolytes, sodium chloride solution was used in many studles13-19) Ringer's solution is basically NaCl solution (0.9%NaCl+0.1% chlorides and other chemicals).
It was used to examine the aluminum bronze alloys by the galvanostatic and tarnish test20) and in the immersion test of the Ag-Pd-Cu alloy system21). It was also used in Part 1 of this study12).
The oxide film on the surface of pure titanium is attacked by ionizable fluoride compounds, such as NaF and HF22). The effect of the fluoride ion was also discussed in some stedies8,23) Johansson Table  1 Alloys and metals used in this experiment 
RESULTS

Open circuit potential
The measurement of the potential of the alloy and pure titanium commenced soon after immersion in the solution. The potential showed time dependence in most of the alloys and metals. Two examples are shown in Fig. 2 . The degree of timedependence was different among the alloys and also among the solutions.
In most cases, the potential became almost constant after 60min.
Therefore, 60min after immersion, the coupled potential was measured for 30min (40-60min when it was changing) and then the first measurement (VA and VT individual measurement) was reinstated. The VA and VT values just before the measurement of the coupled potential were averaged and the open circuit potential (OCP) of the alloys and metals in each solution was obtained. The results are plotted in Fig. 3 . In all of the alloys and metals, the largest potentials were seen in both nitric and lactic acid solutions.
The lowest potentials were seen in the sodium sulfide solution. Especially in pure silver, alloys containing large amounts of silver (P2 and C2), and pure copper, the potential was very low in sodium sulfide solution.
In potassium fluoride solution, pure titanium and Co-Cr and Ni-Cr alloys showed low potentials. Table 2 were thus decided.
Open circuit potentials In Fig. 3 , the average open circuit potential is shown for each alloy and metal in each solution. Pure silver and pure copper showed especially low potentials in sodium sulfide solution. Silver combines with sulfur and forms black sulfide very easily33). If palladium is present at more than 25% in silver, the corrosion is negligible for clinical use34,35). The test alloy P3 (Ag-30%Pd) showed a similar potential as the commercial Ag-based alloys (O, P, Q and N), but the potential of P2 (Ag-20%Pd) was lower. The amount of 20% Pd was not sufficient for sulfur attack. The other test alloy C2 OF ALLOYS COUPLED WITH TITANIUM (Ag-20%Cu) was a typical eutectic, but its potential was higher than either pure silver or pure copper, and comparable with P2. This phenomenon will be discussed later.
In the potassium fluoride solution, pure titanium showed the lowest potential among the alloys and metals. The Co-Cr and Ni-Cr alloys also showed low potentials. The concentration of the fluoride ion was very low, but it had some effect on the surfaces of titanium, Co-Cr and Ni-Cr alloys.
Examples of coupled potential
The effect of the area ratio on the coupled potential is shown in Fig. 5 for two alloys. The potential curves of titanium in the first step were sometimes scattered widely. This was caused by the fluctuation of the potentials of both titanium and the coupled alloy at the time when the coupled potential measurement was started. The length of the first step was not constant (60 to 90min), because the time necessary to obtain an almost constant potential differed among the alloys. Therefore, the final part, which is shown in Fig. 5 shows the fluctuation.
These fluctuations appeared to have no negative effect on the plotting in Figs. 6-9 . Therefore, the measurement and the calculation of the potential deviation were continued.
In the third step, the potential curve sometimes did not return to the extension of the curve in the first step. This point was briefly discussed in presentations of the two meetings10,11). The details will be discussed when the reactions of the solutions with the alloys have been measured more precisely.
Deviation from the alloy potential In Figs. 8 and 9 , the difference among the solutions is clearly shown.
Potassium fluoride solution: The slopes of the regression lines are very shallow. The effect of titanium was strong in this solution. Johansson et al.8) observed an increase of the current between titanium and amalgam in fluoride containing saline solution. They suggested that this was caused by the reduction of oxide film by fluoride addition. In this experiment, the oxide film may be formed during the measurement of the open circuit potential.
The surface of titanium was attacked by the fluoride ion, and may have become active. This could be the reason why the slope of the regression lines were shallow in this solution. The alloy C2 (Ag-Cu eutectic) shows an exceptionally steep slope. This reason will be described elsewhere.
Sodium sulfide solution: In contrast, all alloys and pure metals showed the steeper slopes. The difference in the slopes among the alloys was small. It may be that the alloys and the metals reacted actively with the sulfur ion rather than titanium. In Fig. 3 , the open circuit potential was very low in the sodium sulfide solution for all alloys and metals. This also shows the activity of this solution for all of the alloys and the metals.
Ringer's solution: Pure metals and the binary metals showed steeper slopes than those of other alloys. The intercept of the alloy C2 (Ag-Cu eutectic) was very small and was out of the r-log d relation. In the immersion test in this solution21), pure Ag and the alloy C2 markedly decreased the reflectance and its color changed to black. This extremely strong reaction with the solution is the reason for being out of the r-log d relation.
Nitric acid solution: The effect of this solution on the titanium surface appeared to be weak. In Fig. 3 , Ti shows a similar open circuit potential as those of other alloys. In Fig. 8 (3 ), Ag and Cu shows zero deviation. These metals are active for nitric acid solution.
The slopes of Co-Cr and Ni-Cr alloys are very scattered. The reason is the very small difference in the potentials between titanium and the alloys (VA-VT). The smaller intercepts of the alloys D (gold alloy) and O (Ag based alloy) cannot be discussed based on the findings of the present experiment alone.
Lactic acid solution: Pure copper and the alloy C2 showed zero deviation. In the immersion test21), pure silver and the alloy C2 showed no color change, but alloy C2 showed weight loss in this solution. The weight loss indicates an active reaction with the solution. The reason for the scattered slopes of Co-Cr and Ni-Cr alloys is the same as the case of the nitric acid solution.
The importance of the area ratio and the selection of the electrolytes has become clear in this study. Similar future studies will be enhanced by the potentiodynamic polarization technique and microstructure observation.
CONCLUSIONS
Thirteen kinds of commercial dental alloys, three test alloys and five pure metals were used and the open circuit potential and the coupled potential with pure titanium were measured in five kinds of solutions. 1. All of the alloys and metals showed a maximum open circuit potential (OCP) in 1% nitric acid solution and minimum in 0.01% sodium sulfide solution. 2. In most of the couples, the potential of the polished titanium was lower than that of the coupled alloy or metal. 3. The difference between the alloy potential and the coupled potential decreased with increasing area ratio (alloy/titanium). 4. The area ratio and the logarithm of this potential difference (normalized by the potential difference between the alloy and titanium) showed a linear relationship in most of the alloys and metals. 5. From this linear relationship (regression lines), the difference among the solutions was clearly shown. 6. The potassium fluoride solution was thought to be active at the titanium surface. Pure titanium gives a great contribution to the coupled potential. 7. The sodium sulfide solution reacted with the alloys and metals rather than pure titanium.
The effect of the co-existence of pure titanium was minimal. 
